Design of reflectarray antenna using different unit cell element at Ku-band by Uwizeye, Christelle
DESIGN OF REFLECTARRAY ANTENNA USING DIFFERENT UNIT CELL
ELEMENT AT KU-BAND
CHRISTELLE UWIZEYE
A project report submitted in partial fulfilment of the
requirements for the award of the degree of
Master of Engineering (Electrical and Telecommunications)




To my parents, brothers, family and friends for their love, prayers and blessings.
iv
ACKNOWLEDGEMENT
To God be the Glory, Who has given me the grace for a successful completion
of my masters degree program. It would not have been possible to write this project
without the help and support of the kind people around me, to only some of whom it is
possible to give particular mention here. Above all, I would like to take this opportunity
to express my sincere gratitude to my supervisor, Dr. Mohd Bin Mohd Yusoff, for his
contributions, support and patience throughout the developments of this project.
I would also like to acknowledge my government and the Ministry of Education
of Rwanda (MINEDUC) for their support. I also acknowledge my friends for their
moral support and encouragement.
Finally, I would like to thank my mother, brothers and family for their care
and guidance that began long before graduate studies. None of this would have been
possible without their prayers, support and encouragement.
vABSTRACT
Reflectarray antenna offers several advantages over parabolic and phased array
antennas, such as low weight, low profile, low cost, small size and low transmission
losses due to the feeding mechanism. However, reflectarray antennas require the use of
element shapes which are able to meet the requirements of modern technologies. This
has led to the use of several unit cell designs by different researchers. However there
is no specific shape which meets all specifications and design requirements. Therefore
is a need to investigate several element shapes in the unit cell design to provide a
quick reference guide for researchers. In this project, six different unit cells which are
rectangular, circular, triangle, ring, rectangular with slot and cross shapes at 12 GHz
are investigated through simulation. Each of the shape is then used in the complete
antenna design of 11×11 reflectarray elements fed by a center feed horn antenna. The
antenna results shows circular shapes gives the best performances with higher gain of
20.6 dB and low side lobes level in E and H planes. The outcome of this study provide
insight in the development of high performance antenna.
vi
ABSTRAK
Antena reflectarray mempunyai beberapa kelebihan berbanding antena
parabolic dan antena phased array. Seperti, ringan, profil yang rendah, murah
dan kadar kehilangan maklumat yang rendah disebabkan mekanisma suapan.
Walau bagaimanapun, antena reflectarray memerlukan penggunaan bentuk elemen
yang mampu memenuhi keperluan teknologi moden. Ini telah membawa
kepada penggunaan beberapa reka bentuk sel unit oleh penyelidik yang berbeza.
Walaubagaimanapun, tidak ada bentuk tertentu yang dapat memenuhi semua
spesifikasi dan keperluan reka bentuk. Oleh itu, terdapat keperluan untuk
mengenalpasti beberapa bentuk elemen dalam reka bentuk sel unit untuk dijadikan
panduan untuk penyelidik. Dalam projek ini, enam sel unit yang berbeza seperti segi
empat tepat, bulat, segi tiga, cincin, segi empat tepat dengan slot dan tanda tambah
pada 12 GHz telah dikenalpasti melalui simulasi. Setiap bentuk kemudian digunakan
dalam reka bentuk lengkap antena reflectarray yang berdimensi 11×11 dengan suapan
pusat antena horn. Keputusan menunjukkan bentuk bulat memberikan prestasi yang
terbaik dengan kearahan yang lebih tinggi iaitu 20.6 dB dan tahap paras cuping sisi
yang rendah dalam plan E dan H. Hasil dari kajian ini dapal memberi panduan untuk
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Antenna serves a very important role in any wireless communication system.
They are basically used in the transmission and reception of radio frequency (RF)
signals between devices. Antenna are usually designed to receive or transmit RF
signals in certain directions which is dependent on the application for which the
antenna is designed. This can be observed from the antenna’s radiation pattern
[1]. Antenna have been integrated into several applications. For example personal
communications and wireless connection. Direct communication links can employ
antenna with narrow beams. Its usually refer to as pencil beams.
On the other hand, antenna which is mounted on satellites could shape their
beam pattern so that it will provide wireless coverage to a specific geographic area.
High gain antenna are usually required for many applications; such as radar and
satellite communications. This is because the power radiated from the communication
system can be focused at a specific direction to achieve maximum signal to noise ratio
at the receivers. The high gain provided by parabolic reflector antenna has made them
attractive in microwave point-to-point links and satellite communication [2]. Parabolic
reflector antenna and constrained-fed planar array antenna were for a long time the only
options available to the designer to achieve such performance [3]. Moreover, high gain
antenna can be achieved either by the use of a big antenna aperture, or an array of small
size antenna [4]. For the first case when big antenna aperture is implemented, high gain
can be achieved from aperture antenna by forming a large illuminated apertures. The
directivity can be made much larger by having a larger aperture, higher uniform field
phases and larger amplitude on the aperture. A system which generally produce such
performance is the combination of the horn antenna and the reflectors [5]. However,
the aperture antennas provides much larger dimension and physical area, and therefore
2requires a structure for support [6]. However, the limiting factor for this type of antenna
is the weight and size of the aperture antenna [7]. This make them less compatible
with modern communication systems. In the case where an array of small antennas are
used, each element has it specific phase angle. This enables the antenna array to create
a uniform field and provides a large aperture to achieve similar high gain provided by
the parabolic antenna. Another advantage of the array antenna is that the phase can be
reconfigured since each element can be electrically tuned by exciting specific element
separately [8,9]. In addition, the array of small antenna is usually less bulky compared
with the parabolic antenna because the element can be conformal or planner arrays.
This make it suitable for modern communication systems.
In spite of the advantages provided by phased arrays antennas, they also posses
some drawbacks. This can be observed in the feeding network design complexities
and in their losses [10]. The feeding network complexities arise from the fact that each
element of the array needs to be excited independently by a network of transmission
line. As the array size increases, the losses on the transmission line also increases. This
losses and feeding network complexities become the limiting factor militating against
the advantages provided by the phased array of small antenna.
To exploit the advantages of both phased array and parabolic antenna, spatial
techniques can be used. It can be achieved by exciting a phase array antenna using a
single feed antenna such as a horn antenna. The array acts as passive scatterers [11,12].
A reflectarray antenna comprises of two main parts namely 1) the array of elements
printed on a substrate, and 2) a feed antenna such as a horn antenna usually placed at
the arrays focal point. Each elements of the reflectarray are designed with a specific
size [13]. This will provide a phase difference to compensate for the difference in
path from the feed to each element. Thus enable collimated beams with uniform phase
to be created in the far-fields region of the reflectarray antenna. Moreover, placing
the primary feeding source at the focal point of the reflectarray eliminates the use of
complex transmission line feeding and the losses associated with phase array antennas
[14].
Reflectarray antennas provides several advantages such as high gain, low-
cost, low profile and they also poses a planer design which allows them to be
easily integrated into structures such as roofs and walls [15]. Compared to parabolic
antenna, reflectarray are usually more portable. In addition, It posses beam-scanning
capabilities that can be achieved by integrating Micro-ElectroMechanical Systems
control devices or solid state devices. This project is concerned with the design and
3comparison of linear polarized reflectarray antenna. The comparison is made for
different patch shapes which radiates at 12 GHz in the Ku-band. It is expected that
the designed antenna is useful for direct broadcasting satellite application.
1.2 Problem Statement
To achieve better performance such as gain and bandwidth, researchers have
investigate the phase characteristics, bandwidth and gain using various types of
element shapes such as rectangular, dual square rings, circular ring, square ring, dual
circular rings [16] and [17]. Element shapes with slots such as ring and rectangular
slots are known to provide wider phase range [17], while patch elements without slots
provides high gains. One can use variable size patches, dipoles or rings elements to
achieve different scattering impedance and thus different phases to compensate for
the different feed path delay [18]. However, there is no specific element shape that
has been highlighted to meet specific application requirement particularly gain and
bandwidth. Therefore there is a need to investigate the performance of reflectarray
antenna with different element shapes. The study will provide researchers a reference
guide on how each element shape affects the reflectarray antenna performance.
1.3 Objectives
The objectives of the project are as follows:
1. To design a unit cell with different element shapes at 12GHz.
2. To design and simulate reflectarray antenna with different unit cell.
3. To compare the results from different reflectarray antennas with various shape.
1.4 Scope of Work
The scope of this work includes
41. The design and simulation of six different unit cell shapes (rectangular,
rectangular with slot, circular, circular ring, cross and triangle).
2. The horn antenna is designed to feed the reflectarray antenna.
3. Each shape is implemented in the design and simulation of reflectarray antenna.
4. The performance comparison for each shape in the reflectarray antenna are
reflected phase response, radiation pattern, return loss and gain.
1.5 Organization of the Project
This project consist of 5 chapters. In Chapter 1, an introduction to the work is
presented, where the project background is discussed. This is followed by the problem
statement, objective and the scope of the project. In chapter 2, a review of recent work
related to the theories and design of the reflectarray antenna are given so as to obtain
a clear direction of the project. The methodology on how the project is carried out
is presented in chapter 3, where the design specifications are highlighted. The results
achieved from the return loss, the gain and the radiation patterns are given in chapter
4. Comparison of all the designed reflectarray antenna are made and its performance
analysis in included. Finally, summary and conclusions are drawn from the entire
project, recommendations based on how the project can be improved are stated in
chapter 5.
1.6 Summary
The overview of reflectarray antenna is presented in this chapter, the problem
statement, objectives, and scope of the project are also highlighted so as to present the
direction of the project. In the next chapter, the literature review related to this project
is given.
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